Structural evolution of 2D Au 12 , 3D Au 13 and 2D Au 14 are presented in Figures S1, S2 and S3 respectively. These figures include the per atom formation energies of all evaluated members at each generation and some selected structures that have the lowest energies at the corresponding generations from the evolution path. In calculation of formation energies, single gold atom in vacuum is used as the reference state. 
Structures of neutral clusters in xyz format
The Supplementary Dataset file Au_nanoclusters.doc contains the Cartesian coordinates of the clusters presented in Tables 1, 2 and 3 in the main text. The file may be opened as a text file to read the coordinates. The coordinates are presented in .xyz format. The first line denotes the number of atoms in the cluster; the second line is the name of the cluster i.e. the name given in Tables 1-3; following lines contain the elements symbol, x, y and z coordinates in Angstroms for each atom in the cluster. The structures are placed directly end-to-end in the file following the order in Tables 1, 2 and 3.
GA optimization of anionic Au 13
In Table S1 we present the anionic 13-atom gold clusters that have energies within 2k B T of the identified minimum for this system. These structures are obtained as a result of 4 independent GA optimizations with Au atoms having freedom of motion in three dimensions. The DFT and GA calculations have similar setups as the ones for neutral clusters except the clusters have an excess electron. -that are in 2nk B T (n=13, T=300K) proximity of the predicted minimum energy structure for the anionic clusters. The ΔE is described as the per atom energy difference of the corresponding structure from the minimum which is given as Au 13 -(1). If a structure is same as one of the neutral clusters, the name of the neutral cluster (i.e. shown in Table 2 ) is given in brackets. 
Structures of anionic clusters in xyz format
The Cartesian coordinates of the clusters in Table S1 are included in the Supplementary Dataset file Au_nanoclusters.doc as just after the neutral clusters. The format and the naming scheme are same as the ones for neutral clusters. The structures are placed directly end-to-end in the file with the order given in Table S1 following the structures given for neutral cluster in Tables 1, 2 
Long Range Interactions
In Table S2 , cohesive energies calculated from PBE+vdW are given for bulk gold. D2, D3, TS and DF vdW approximations are given with respect to different vdW interaction cutoff values from 3.8 to 21 Å. The cohesive energy does not change after ~15 Å appreciably. 
Details of DFT calculations
During the genetic algorithm optimization, we use an energy cutoff of 230 eV for DFT calculations. To test the adequacy of this cutoff energy, we randomly generate 1000 Au 13 clusters and calculated the cohesive energies using 230 and 520 eV cutoff. Between these two sets, we find that %99.4 of all binary comparisons (i.e. between any two clusters within a set) in terms of energy order is same. We also investigate the changes in the order and the relative differences in energy for Au 13 clusters around the identified minimum with respect changes in cutoff energy, see Figure S5 . It is seen that the order and the relative differences in the formation energy for these low energy structures are virtually unchanged.
In cluster simulations, the size of the surrounding vacuum should be large enough to minimize the spurious periodic image interactions. The smallest cluster-cluster distances observed when the structure is constrained to 2 dimensions since these clusters have the largest diameter. We searched all our structures generated during GA optimization and the largest Au-Au separation in a cluster is found to be 21.5 Å for a 2D structure as expected. This leaves at least 8.5 Å between the atoms of the periodic image clusters since the simulation box has an xy plane with dimension 30×30 Å 2 . In order to quantify the error introduced by the image interactions, we model the same cluster configuration in a 60×60×15 Å 3 cell. The energy difference between the calculations utilizing 30×30×15 Å 3 and 60×60×15 Å 3 simulation boxes is found to be 1.65 meV/atom. Note that such open structures have very high energies and around global minima, the clusters are much more compact. Thus distances between the image clusters are much larger in compact clusters. In this case the errors for the low energy structures are expected to be insignificant.
To be more rigorous in quantifying the effect of box size on our calculations, we also investigate energy differences between lowest energy 2D and 3D structures for Au 12 -, Au 13 -and Au 14 -within 30×30×30, 40×40×40 and 50×50×50 Å 3 simulation boxes. We relax the structures using the same criteria defined in the main text and calculate per atom formation energies according to Equation 1. As it can be seen in Table S3 , the change in box size does not affect the energy difference between clusters and the largest discrepancy is about 1 meV/atom. After GA optimization, clusters within 3nk B T of the identified minima are revaluated by fully relaxing their atomic coordinates. For these simulations, we use 30×30×30 Å 3 boxes. We also increase the planewave cutoff energy to 300 eV and consider spin polarization. The ionic relaxation is continued until the energy is converged within 10 -4 eV/atom. 
